INTRODUCTION
The Cerro Gordo Peak 7.5-minute quadrangle encompasses part of the southern Inyo Mountains about 25 km east of Lone Pine, California (figs. 1, 2). This area is of interest for its locally intense and historically important mineralization (McKee and others, 1985; Conrad and others, 1987) and its exposures of rocks and structural features that are key to reconstructing the geologic history and tectonic evolution of east-central California. The geologic map and cross sections presented in this report integrate the results of several different mapping efforts and related thematic studies by the authors over many years.
Parts of the Cerro Gordo Peak quadrangle were previously mapped and described by Page (1951) , Merriam (1963) , Elayer (1974) , Stuart (1976) , Stone (1977 Stone ( , 1984 , Husk (1979) , Mora (1983) , Conrad (1993) , Swanson (1996) , and Stone and others (2000) . Additional stratigraphic, paleontologic, and structural studies of the area include Merriam and Hall (1957) , Gordon and Merriam (1961) , Oborne (1983) , Stone and Stevens (1987) , Stone and others (1991) , Dunne and Walker (1993) , Dunne and others (1998) , and Stevens and others (2001) . The entire area was mapped by the late Ward C. Smith (U.S. Geological Survey) as the southeast quadrant of the New York Butte 15-minute quadrangle, but this mapping was never published. Our map incorporates Smith's structural data for a small area near the northeast corner of the quadrangle.
GEOLOGIC SETTING THROUGH TIME
In early Paleozoic time the southern Inyo Mountains area was part of the western continental shelf of North America. Ordovician to Devonian carbonate and subordinate quartzose rocks exposed in the Cerro Gordo Peak quadrangle are composed of shallow-water marine sediments that accumulated on the southwest-trending shelf (Stevens, 1986) . During the latest Devonian to Early Mississippian Antler orogeny, early Paleozoic oceanic strata were thrust onto the western edge of the continental shelf to form a marginal uplifted belt. Antler thrusting and related deformation did not extend as far southeast as the Cerro Gordo Peak quadrangle, but the Late Mississippian Rest Spring Shale, considered part of a southeast-tapering wedge of siliciclastic strata derived from the Antler belt and deposited in an adjacent foreland basin (Stevens and others, 1997) , is present.
By early Middle Pennsylvanian time, the orientation of the continental shelf had changed to southeastward, probably as a result of sinistral strike-slip faulting that truncated the continental margin Walker, 1988) . Calcareous turbidites of the Keeler Canyon Formation were deposited in a basinal setting offshore from a carbonate platform that developed on the truncated continental shelf during Pennsylvanian to earliest Permian time (Stevens and others, 2001 ). The closest exposures of coeval shelf limestone representing the carbonate platform are in the Cottonwood Mountains 35 km east of the Cerro Gordo Peak quadrangle ( fig. 1 ).
Early Permian strata that overlie the Keeler Canyon Formation were deposited in two basins separated by an intervening, northeast-trending submarine ridge . The two basins received deposits of contrasting sedimentary facies, represented by the Lone Pine Formation on the northwest and the sedimentary rocks of Santa Rosa Flat on the southeast. The intervening ridge, represented by the area around Cerro Gordo Mine where strata of this age are not present, resulted from Early Permian contractional deformation and uplift Stevens and others, 1997) .
Late Permian strata in the area (members A and B of the Conglomerate Mesa Formation) accumulated in small, shallow basins bounded by normal faults (Stone and others, 2000) . Further contractional deformation in Late Permian time caused widespread tilting and additional uplift (Swanson, 1996; Stevens and others, 1997) leading to erosion that beveled an unconformity across the region prior to deposition of overlapping conglomerates of probable Early Triassic age (member C of the Conglomerate Mesa Formation). This period of conglomeratic deposition was followed by regional subsidence of the continental margin and quiescent marine deposition of the Union Wash Formation that persisted through Early Triassic and possibly into Middle Triassic time (Stevens and others, 1997; Stone and others, 2000) .
Final withdrawal of marine waters from the region was followed in the Jurassic by the spread of volcanic and volcanogenic strata (Inyo Mountains Volcanic Complex) derived from the southwest. This episode persisted into the Late Jurassic (Dunne and Walker, 1993; Dunne and others, 1998) and marked one growth phase of the Sierran magmatic arc, the core of which lay west of the quadrangle. Intrusive outliers of the arc (dikes, sills, and plutons) sporadically invaded the southern Inyo Mountains region during Jurassic and Cretaceous time. Late Jurassic dikes of the Independence dike swarm (Chen and Moore, 1979; Carl and Glazner, 2002) are extensively exposed in the Cerro Gordo Peak quadrangle.
The Inyo Mountains and the adjacent bounding valleys, located in the westernmost part of the Basin and Range Province, are the result of late Cenozoic extensional faulting (Snow and Wernicke, 2000) . In the Cerro Gordo 
Graded road Sample locality Jeep trail Peak quadrangle, early phases of uplift of the Inyo Mountains are marked by the fanglomerate of Bonham Canyon (Tfb, about 13.6 Ma) on the east side of the range (Conrad, 1993) and by the fanglomerate of Slate Canyon (Tfs, probably about 9 to 6 Ma) on the west side. Northwest-directed extensional tectonism continues in the region today (Savage and Lisowski, 1995) .
MAJOR STRUCTURAL FEATURES
Rocks in the Cerro Gordo Peak quadrangle are complexly folded and faulted as a result of several episodes of deformation. Most of the structural features exposed in the quadrangle are attributed to deformation during the Permian, Jurassic-Cretaceous, and late Cenozoic.
Permian Structural Features
Structural and stratigraphic relations mapped in the Cerro Gordo Peak quadrangle and nearby areas indicate that substantial deformation, mostly contractional in nature, occurred in the area during Permian time. Our current interpretation, which modifies the synthesis of Stevens and others (1997) , is that there were at least two distinct episodes of Permian contractional deformation, one Early Permian and the other Late Permian in age, and one episode of Late Permian normal faulting.
Structural relations observed on the west flank of the Inyo Mountains near Cerro Gordo Mine suggest that a major zone of thrust faulting, subparallel to bedding, is localized along the Late Mississippian Rest Spring Shale. The principle fault, called the Morning Star Thrust by Elayer (1974) The Morning Star Thrust Zone may be part of a widespread Early Permian thrust fault system that also includes the Last Chance Thrust of Stewart and others (1966) , which is exposed both north and northeast of the Cerro Gordo Peak quadrangle ( fig. 1 ) and typically places Precambrian or Cambrian strata on the Rest Spring Shale. As first proposed by Stevens and others (1997) , the Morning Star Thrust could have developed as a distal, younger-on-older part of the Last Chance Thrust, following the structurally weak Rest Spring Shale, southeast of a major ramp anticline represented by the more typical exposures of the Last Chance allochthon ( fig. 3) . We continue to prefer this hypothesis and infer that most exposures of the Rest Spring-Keeler Canyon contact in the quadrangle represent parts of this major fault system. The Morning Star Thrust also may be connected to the Early Permian Lee Flat Thrust Stone and others, 1989) 7 km east of the quadrangle ( fig. 1 ). Snow (1992) previously proposed a connection between the Last Chance and Lee Flat Thrusts.
An east-vergent, overturned syncline in the Keeler Canyon Formation just northwest of Conglomerate Mesa near the southeast corner of the quadrangle is unconformably overlapped by late Early Permian limestone conglomerate (Psc). This fold is thus of Early Permian age and could be coeval with the Lee Flat Thrust. The fold and overlapping unconformity probably developed on a structural high in the upper plate of the Lee Flat Thrust complex. This high separated Early Permian depositional basins of the Lone Pine Formation to the northwest and the sedimentary rocks of Santa Rosa Flat to the southeast .
Late Permian contractional deformation in the southern Inyo Mountains is represented by the Inyo Crest Thrust of Swanson (1996) and Stevens and others (1997) , which is exposed just south of the quadrangle boundary ( fig. 1) . There, the Inyo Crest Thrust cuts the Keeler Canyon Formation and is overlapped by the Union Wash Formation. The east-vergent Upland Valley Syncline in the footwall of the thrust in that area ( fig. 1 ) folds rocks as young as the siltstone and pebbly limestone unit of the sedimentary rocks of Santa Rosa Flat. Detailed mapping by Swanson (1996) indicates that an early phase of folding of the Upland Valley syncline and movement on the Inyo Crest Thrust may have occurred in Early Permian time, before deposition of the siltstone and pebbly limestone unit, but the main phase of deformation represented by these structural features clearly postdated that depositional event.
We speculate that the Inyo Crest Thrust continues northward across the southeast part of the Cerro Gordo Peak quadrangle, where it is covered by late Cenozoic deposits except for an area of continuous bedrock exposure northwest of Conglomerate Mesa. There, we interpret the Inyo Crest Thrust to be marked by a zone of faulting that In addition to these contractional events, the Cerro Gordo Peak quadrangle also was affected by Late Permian normal faulting. This faulting created basins in which members A and B of the Conglomerate Mesa Formation were deposited, as mapped and described in detail by Stone and others (2000) . These basins and the bounding faults are overlapped by member C of the Conglomerate Mesa Formation, which we infer to be of Early Triassic age.
Jurassic-Cretaceous Structural Features
Northwest-trending thrust faults, folds with accompanying cleavage, general ductile flattening, and conjugate strike-slip faults in the Cerro Gordo Peak quadrangle are considered to be representatives of the East Sierran Thrust System (Dunne, 1986) , a northwest-trending belt of contractional features that extends from southern Owens Valley southeastward into the Mojave Desert. Principal thrust faults of the belt, including the Flagstaff Thrust ( fig. 1 ) that places the Lone Pine Formation above the Inyo Mountains Volcanic Complex, seem to be restricted to the west flank of the southern Inyo Mountains, but folds and cleavage extend across the full width of the range. Near the southeast corner of the quadrangle, minor thrust faults of post-Early Triassic age on the west flank of Conglomerate Mesa are probably part of the East Sierran Thrust System. Geochronologic data and field relations outside the quadrangle indicate that some thrust faults and folds that probably represent an early phase of contraction in the East Sierran Thrust System predate Middle Jurassic plutons. Important deformational phases also affected this system during Late Jurassic and perhaps later Mesozoic time (Dunne, 1986; Dunne and Walker, 1993; Dunne and others, 1998) . Estimated minimum shortening accommodated by the East Sierran Thrust System is about 15 km as measured across the southern Inyo Mountains.
Folding of Uncertain Age
Paleozoic and Mesozoic strata in the Cerro Gordo Peak quadrangle define a generally anticlinal structure evident from the map pattern of geologic units and bedding attitudes. Merriam (1963) attributed this structure to a complex anticline of presumed Mesozoic age that he called the Cerro Gordo Anticline and mapped as a single fold along and east of the crest of the Inyo Mountains.
Subsequent mapping indicates a more complex fold structure. In the south part of the quadrangle, our mapping is largely consistent with that of Merriam (1963) although continuity of the anticlinal structure is more disrupted by faulting than previously recognized. In the north part of the quadrangle, however, our mapping reveals a much more complex fold geometry that apparently evolved through at least two distinct episodes of deformation (see cross section A-A'). We provisionally infer that the first deformation created an eastward overturned anticline cored at the present level of exposure by the Lost Burro Formation and Hidden Valley Dolomite and involving rocks at least as young as Keeler Canyon Formation. The second deformation antiformally refolded the overturned limb of this anticline, as observed on a hill (elev. 7319 ft) 2.8 km south of the north quadrangle boundary and 4.4 km west of the east quadrangle boundary ( fig. 2) . The upright upper limb of the older overturned anticline presumably was antiformally refolded as well, and it apparently includes the generally east dipping, upright section of Keeler Canyon Formation exposed in the northeast part of the quadrangle, downfaulted from its original position relative to the rocks on the west. The inferred original geometry of this complex structure, reconstructed from cross section A-A' by removing the effects of younger intrusion and faulting, is shown in figure 4 .
The ages of these folding events are uncertain. The west-dipping flank of the anticline contains rocks as young as Late Jurassic (Inyo Mountains Volcanic Complex). The younger antiform in the north part of the quadrangle, however, is apparently older than Middle Jurassic(?) granitoid rocks of varied composition (Jgv) that intrude it. Thus, much of the folding may have been completed prior to Middle Jurassic time, after which the western limb of the anticline could have been steepened by younger deformation. Preliminary reconstructions of the folds suggest that the overturned anticline in the north part of the quadrangle was originally highly asymmetrical, with a gently west dipping axial surface and a subhorizontal upper limb, and could be as old as Permian.
Late Cenozoic Structural Features
The southern Inyo Mountains are part of the westernmost uplifted block within the Basin and Range province. Unlike many nearby ranges to the east, this block has not experienced substantial unidirectional tilting either to the east or west. Instead, moderate sagging or tilting to both the west and east developed locally, suggesting that the range is a relatively simple horst bounded on both flanks by major fault zones that separate it from the Saline Valley graben to the east and Owens Valley graben to the west.
The principal bounding fault system along the east side of the southern Inyo Mountains is east and north of the Cerro Gordo Peak quadrangle ( fig. 1 ). This fault system, which remains active today, is interpreted to have evolved during the last 3 m.y. as Panamint and Saline Valleys developed (Zellmer, 1980; Burchfiel and others, 1987; Snow and Wernicke, 2000) . The northeast part of the Cerro Gordo Peak quadrangle, however, reveals evidence of an older episode of extensional faulting and range uplift. In this area, an east-dipping normal fault zone (Eastern Inyo Fault Zone of Conrad, 1993) strikes southward from the active fault zone on the west side of Saline Valley ( fig. 1 ). Poorly constrained estimates of normal slip on this fault zone are as much as 1.2 km. The fault zone projects beneath the fanglomerate of Bonham Canyon, which represents an alluvial fan complex that spread eastward from the faulted range front. Isotopic ages of 14 to 13 Ma on tephra near the base of the fan complex provide a minimum age of faulting (Conrad, 1993) .
About 1 to 2 km east of the Eastern Inyo Fault Zone, a west-dipping normal fault zone offsets the lowermost part of the fanglomerate of Bonham Canyon and its basal contact with the Keeler Canyon Formation. This fault is marked by a well-developed gouge zone. Farther south, an east-side-down fault is inferred to cut the fanglomerate of Bonham Canyon based on a moderately well defined, east-facing topographic scarp. These faults evidently postdate activity on the Eastern Inyo Fault Zone and may be structurally related to the Lee Flat Fault Zone of Zellmer (1980) , a zone of northwest-striking normal faults that cut late Cenozoic basalt and alluvium probably equivalent to the fanglomerate of Bonham Canyon about 6 km to the southeast ( fig. 1) .
No major zone of active normal faults has been mapped along the western base of the southern Inyo Mountains. However, a prominent northwest-trending gravity anomaly located just west of bedrock exposures along the base of the southern Inyo Mountains has been inferred to delineate a major normal fault system defining the boundary between the sediment-filled Owens Valley graben and the Inyo Range horst (Pakiser and others, 1964) . Some normal faulting along the west side of the range probably predated the late Miocene (9 to 6 Ma) fanglomerate of Slate Canyon now exposed there.
A conspicuous but relatively minor fault presumably related to late Cenozoic extension along the western base of the southern Inyo Mountains is poorly exposed near the southwest corner of the Cerro Gordo Peak quadrangle. This northwest-trending fault cuts the fanglomerate of Slate Canyon and drops the northeast side down; systematic dextral offset of drainages along the trace of this fault suggests that it has a component of lateral slip as well. Just south of the quadrangle, a colinear fault that cuts equivalent strata shows gently south plunging slickenlines (Swanson, 1996) . The presence of these slickensides reinforces the interpretation that this is an oblique-slip fault zone accommodating both normal and dextral displacement.
Within the range block itself, several prominent north-to northwest-striking faults cut Paleozoic sedimentary rocks and Mesozoic plutonic rocks on the east slope of the Inyo Mountains in the north part of the Cerro Gordo Peak quadrangle. These faults, commonly marked by zones of intense brecciation, apparently formed at relatively shallow depths. Our mapping supports the interpretation of Merriam (1963) that most of these faults probably are steep normal faults with the west side down. The faults are of unknown age, but their structural characteristics suggest that they could be late Cenozoic. (Conrad, 1993) . Unit age based on K-Ar and
DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS
40
Ar/ 39 Ar geochronologic analyses of biotite from ash bed 5 m above base of gravels near the east edge of quadrangle (locality 5), which indicate a middle Miocene age of 13.62 ± 0.52 Ma (Conrad, 1993 Age of complex based on U-Pb (zircon) geochronologic data from rocks exposed in quadrangle and nearby areas to northwest (Dunne and Walker, 1993; Dunne and others, 1998) . Divided into the following subunits: (Stone and others, 1991) . Contains fossils of Early and Middle(?) Triassic age (Merriam, 1963; Stone and others, 1991) . Divided into the following members: Owens Valley Group (Early Triassic to Early Permian)-Lithologically diverse marine and nonmarine sedimentary rocks that have an estimated maximum stratigraphic thickness of between 1,400 and 1,900 m in northwest part of quadrangle. Largely Permian in age based on fossils previously reported from quadrangle and adjacent areas (Merriam, 1963; Stone, 1984; Stone and Stevens, 1987; Magginetti and others, 1988; others, 1989, 2000) . Uppermost unit in group (member C of Conglomerate Mesa Formation), originally considered Late Permian in age, is herein interpreted as Early Triassic based on conformable relation with overlying lower member of Union Wash Formation and recent recognition of unconformity with underlying Late Permian member B of Conglomerate Mesa Formation (Stevens and others, 1997; Stone and others, 2000) . In this area, consists of the following units:
Conglomerate Mesa Formation (Early Triassic and Late Permian)-Lenticular sequence of shallow-water marine and nonmarine sedimentary rocks consisting mainly of conglomerate and limestone. Exposed primarily in northwest part of quadrangle, which includes type section of formation at Permian Bluff (Stone and Stevens, 1987) ; also present near southeast corner of quadrangle at Conglomerate Mesa. Maximum thickness about 225 m; measured thickness 173 m at Permian Bluff. Divided into the following members:
^cc Member C (Early Triassic)-Conglomerate and sandstone. Conglomerate weathers brown, ranges from massive to well bedded, and consists primarily of angular to subrounded clasts of white to light-gray chert, quartzite, and limestone in a poorly sorted, fine-to coarse-grained sandstone matrix. Chert and quartzite clasts are mostly pebble size; limestone clasts range from pebble to boulder size. Sandstone, most common near top of member, is yellowish-brown, thin-bedded to laminated, fine grained, and locally has ripple marks. Maximum thickness about 180 m. Base unconformable Pcb Member B (Late Permian)-Light-gray, sandy limestone that forms resistant ledges and hogbacks. Bedding ranges from plane laminated to massive; plane-laminated facies, most common in lower part of member, alternates with thin beds and lenses of sandstone and chert-pebble conglomerate. Contains ammonoids of Late Permian age (Gordon and Merriam, 1961; Merriam, 1963; Stone and others, 2000) ; also contains brachiopods, gastropods, and conodonts. (Stone and Stevens, 1987) . Consists primarily of medium-to dark-gray, thinbedded to laminated calcareous and dolomitic mudstone, thin-bedded calcareous siltstone and very fine to fine-grained sandstone, and scattered thicker beds (20-80 cm) of micritic limestone and dolomite (member A of Stone and Stevens, 1987) ; forms smooth, recessive slopes. Upper 40-120 m (member B, not separately mapped) consists of light-colored (mainly greenish-gray to yellowishbrown) mudstone, siltstone, and very fine to fine-grained sandstone, scattered thicker beds of olivegray to greenish-gray micritic limestone and dolomite, and locally abundant graded beds of mediumto dark-gray bioclastic and conglomeratic limestone 5 cm to 4.5 m thick. Limestone beds contain fusulinids and conodonts that indicate an Early Permian (late Wolfcampian to Leonardian) age (Stone and Stevens, 1987; Stone and others, 2000) . Formation has an estimated maximum thickness of between 1,300 and 1,800 m in northwest part of quadrangle; thins southeastward to measured thickness of 309 m at Permian Bluff; pinches out beneath unconformably overlapping Union Wash Formation farther southeast along Cerro Gordo Road. Near pinchout, formation includes the following unit: fig. 2 ), lowermost 30 m of formation consists of medium-to dark-gray micritic limestone containing small spherical nodules of dark-gray chert (often called the golfball horizon). In most other places, these rocks are absent and base of formation is in fault contact with Rest Spring Shale. In south part of quadrangle, including type section near Estelle Tunnel (Merriam and Hall, 1957) , formation is unconformably overlain by Union Wash Formation with angular discordance of about 15°; approximately the upper 250 m of formation is erosionally truncated beneath the unconformity. In northeast part of quadrangle, formation is metamorphosed and consists primarily of dark-gray, fineto medium-grained, thin-to medium-bedded tremolitic limestone and calc-silicate rocks, with subordinate dark-gray argillite; bioclastic limestone beds are absent or rare. Minimum thickness of formation in northeast part of quadrangle is about 1,200 m with top not exposed. Age of formation in quadrangle, based on fusulinids and conodonts, is early Middle Pennsylvanian (Atokan) to Early Permian (Wolfcampian) (Merriam and Hall, 1957; Merriam, 1963; Stone, 1984; (Stevens and others, 1996) is near Mexican Spring in northwest part of quadrangle ( fig. 2 ), where measured thickness is 37 m. Unfossiliferous in quadrangle; Late Mississippian (Meramecian) age based on fossils from reference section in Racetrack Valley area (Stevens and others, 1996) . Previously mapped as Perdido Formation (Merriam, 1963; Conrad, 1993) (McAllister, 1952; Stevens and others, 1996) . Thickness in quadrangle estimated as 150-180 m in most places, but as little as about 25 m near Mexican Spring Dl Lost Burro Formation (Late and Middle Devonian)-Consists primarily of white and light-, mediumand dark-gray limestone or marble that typically forms steep slopes and cliffs. Massive to thickbedded in general appearance but typically shows fine planar lamination defined by contrasting shades of gray; this lamination commonly is flattened, transposed, and deformed by small-scale isoclinal folds, particularly in north part of quadrangle. Northeasternmost outcrops are pervasively brecciated. Formation is characterized by locally abundant stromatoporoids and branching corals (Merriam, 1963 fig. 2) . In Bonham Canyon, this zone is underlain by a zone of medium-to dark-gray, cherty dolomite and contains abundant talc deposits that have been extensively mined and prospected (Page, 1951) . This sandy zone could be equivalent to basal Lippincott Member of Lost Burro Formation in Racetrack Valley area (McAllister, 1955) , but it is not continuous enough to define a formational boundary. Unit age based on fossils discussed by Merriam (1963) and Stevens and Ridley (1974) . Thickness in quadrangle estimated as 450-580 m
SOes
Ely Springs Dolomite (Early Silurian and Late Ordovician)-Medium-to dark-gray, thick-bedded dolomite characterized by irregular nodules and lenses of dark-gray chert as much as 15 cm long and aligned parallel to bedding. Dolomite commonly has irregular mottled texture, possibly resulting from bioturbation; locally contains abundant sand-size fossil debris. Locally altered to talc near contacts with Eureka Quartzite in Holiday Mine area. Unit age based on conodonts from sections in nearby areas (Miller, 1975) . Thickness between 180 and 250 m Oe Eureka Quartzite (Middle Ordovician)-Light-tan to light-gray, vitreous, fine-to medium-grained quartzite; basal part locally consists of reddish-brown-weathering argillite or indurated siltstone that is well exposed along Cerro Gordo Road ( fig. 2 ). Complete section of formation exposed just south of Bonham Canyon is about 120 m thick Ob Badger Flat Limestone (Middle Ordovician)-Light-gray, medium-bluish-gray, and light-brown laminated dolomite; exposed along eastern front of Inyo Mountains between Bonham Canyon and Holiday Mine. Mapped as part of Pogonip Group by Merriam (1963) , who reported the presence of Middle Ordovician fossils. Usage of the name Badger Flat Limestone for these dolomitic rocks in this report follows that of Stone and others (1989) 
